Abstract. An alternative to introducing and subsequently renormalizing classical parameters in the expression for the vacuum energy of the MIT bag for quarks is proposed in the massless case by appealing to the QCD trace anomaly and scale separation due to asymptotic freedom. The explicit inclusion of gluons implies an unrealistically low separation scale.
Introduction
The vacuum energies of spatially confined quantum fields have been of great interest since the early days of quantum field theory [1, 2] . Shortly after the advent of the nonAbelian gauge theory of strong interactions [3] [4] [5] , the bag models of hadrons [6] [7] [8] required estimates for the contribution of the spherically constrained vacuum to the total energy of a hadron. In essence, two lines of approaches have been pursued in the past. The canonical vacuum energy was parametrized by means of a dimensionless quantity Z 0 to be fitted to experiment [9] . While disregarding the quadratic boundary condition of the original MIT bag model, a relation between the bag radius R and the bag constant B was established by demanding stability of the calculated hadron mass under variations of R [10] . However, the quadratic boundary condition of the fermionic MIT bag model, B q = − 1 2 ∂ r (ψψ) r=R , was introduced to restore the broken four-momentum conservation of the bag [6] , and thus it should be taken seriously. For a meaningful definition of the bag constant B q according to the quadratic boundary condition, the vacuum expectation value of this operator equation must be taken [11] .
There has been a great effort to compute the Casimir effect of the MIT bag model [11] [12] [13] [14] [15] [16] . The vacuum expectation values of global quantities must be regularized. Several procedures, adapted to either global or local approaches, were applied. Global techniques regularize the sum over mode energies by analytical continuation (zetafunction method) [13, 14, 17] , while local approaches compute finite densities based on two-point functions. The space-integral of these densities is regularized by volume or temporal cutoffs [2, 18] . However, different regularization schemes yield different answers which is not acceptCorrespondence to: Marc.Schumann@unibas.ch able. Various solutions have been suggested [11, [13] [14] [15] . For instance, the vacuum energy has been separated into a classical and a quantum part. The classical contribution was parametrized by phenomenological quantities to absorb divergences due to the quantum part by appropriate renormalizations [13, 15] . This procedure relies on direct experimental information which is unsatisfactory. Interesting results were obtained in the massive case [13, 14, 19] . By imposing the condition that the vacuum of a very massive field should not fluctuate, a unique term in the canonical vacuum energy, attributed to quantum fluctuations, was isolated.
In this paper we propose an alternative to the above procedure. Our approach is based on a separation between the perturbative and nonperturbative regimes of QCD. As suggested by Vepstas and Jackson in the framework of a chiral bag model [20] , hard fluctuations should be allowed to traverse the boundary since these fluctuations are not subject to the low-energy confinement mechanism. In contrast to the work of [20], we consider only the interior of the bag. In the simple model of the QCD vacuum, which the bag-model philosophy offers, we think of hard fluctuations to be noninteracting and unconfined when calculating nonperturbative effects, such as the ground state energy of the bag.
Calculation
Our numerical method to compute the regularized canonical vacuum energy and the bag constant of the fermionic MIT bag was explained in [21] . The procedure is based on a mode sum representation of the cavity propagator. A Schwinger parametrization of the Euclidean "momentumsquared" denominator and a subsequent integration over the "off-shell" parameter ω are performed.
The canonical vacuum energy density
Under the condition, that the free-space vacuum energy vanishes, we obtain the angular integrated form of the canonical vacuum energy density θ00 as θ 00 (r) ≡ 4π θ 00 (r) (1)
Thereby, j l denotes the spherical Bessel function, and the subscripts n, κ, and µ stand for the radial quantum number, the Dirac quantum number, and the angular momentum projection, respectively. The radial quantum number n λ labels the mode energy closest to λ, and N 2 n,κ is a normalization constant (see [21] ). In (1) the integral over k corresponds to the free-space subtraction. Hard fluctuations are excluded by distinguishing two cases: 1) hard fluctuations with ω, ε n,κ > λ or ω ≤ λ, ε n,κ > λ are omitted by truncation of the mode sum, and 2) hard fluctuations with ω > λ, ε n,κ ≤ λ are discarded by restriction of the z-integration. The canonical vacuum energy E is given by E = R 0 dr r 2 θ00 (r) .
The fermionic bag constant
Due to the vacuum expectation value of the quadratic boundary condition, the fermionic bag constant B q reads Figure 1 shows the result of the calculation ofĒ ≡ R × E as a function ofλ ≡ R × λ. The discontinuous behavior is due to the fact that mode eigenvalues at low energies are not spaced equidistantly. To smooth the "nervous" behavior, we use a quadratic regression as indicated by the solid line. In Fig. 2 theλ dependence ofB q ≡ R 4 × B q is depicted. Again, a quadratic fit is used to average over discontinuities. Tables 1 and 2 contain a list of values for 
